A truncated apolipoprotein (apo) A-I with a molecular weight (M r ) of 26 kDa was first isolated from the plasma high density lipoproteins of an atypical Japanese eel (Anguilla japonica). Interestingly, this eel contained a very small amount of intact apoA-I (M r 28 kDa) in the plasma, although serine protease inhibitors were present throughout the plasma preparation. The N-terminal sequence of 20 amino acids in truncated apoA-I was completely identical with that of intact apoA-I. Another apolipoprotein with M r 28 kDa, whose N-terminal amino acid sequence differed from apoA-I, was also found in high density lipoprotein and low density lipoprotein. The apolipoprotein profiles of Japanese eel plasma appear to be complicated.
Plasma lipoproteins are water-soluble macromolecules consisting of complexes of lipids and specific apolipoproteins, and make possible to transport lipids and other hydrophobic molecules in the blood and other tissue fluids. Apolipoproteins are important structural components of plasma lipoproteins, and have been shown to participate in lipoprotein assembly, secretion, processing, and catabolism. 1, 2) Plasma lipoproteins of vertebrates are classified into chylomicrons, very low density lipoprotein (VLDL), low density lipoprotein (LDL), and high density lipoprotein (HDL) based on the lipid and apolipoprotein ratios. HDL is the most abundant plasma lipoprotein in the vast majority of vertebrates, including fish.
3) Apolipoprotein (apo) A-I (molecular weight [M r ] 28 kDa) and homodimeric apoA-II (M r 17.4 kDa) are the major proteins of human HDL, comprising about 90% of total HDL proteins. 4) The plasma HDL levels of fish are several times higher than those of other vertebrates. [5] [6] [7] [8] Two major apolipoproteins, apo-28 kDa and apo-14 kDa, are present in most fish HDL, and the former is known to be homologous with mammalian apoA-I, based on sequence similarity. [9] [10] [11] [12] [13] Mammalian apoA-I is associated with reverse cholesterol transport, lipid and cholesterol binding, lecithin: cholesterol acyl transferase activation, and receptor binding. 4, 14) Clinical and epidemiologic studies have demonstrated a striking inverse correlation between cardiovascular disease and plasma HDL or apoA-I levels. [15] [16] [17] It remains to be determined whether fish apoA-I possesses similar functions as in mammals. We have started molecular cloning of apoA-I with a view to understanding its function in the Japanese eel, Anguilla japonica, which is a typical fatty fish. In the course of this investigation, a truncated apolipoprotein was found in the plasma HDLs of Japanese eel. Here we report the molecular relation between truncated apolipoprotein and plasma apoA-I along with the apoA-I cDNA sequence from Japanese eel liver.
Three Japanese eels weighing from 225 to 270 g, 10 months old, cultured in the Osumi Peninsula, Kagoshima, Japan, were purchased at a local fish market in Kagoshima in July 2003. Their sexes could not be determined. They were starved for 2 d, until use. Blood was individually drawn into 0.15 M NaCl solution containing ethylenediaminetetraacetic acid (5 mg/ml blood), diisopropyl fluorophosphates (2 mM), and aprotinin (40 KIU/ml) using a syringe inserted in the caudal vasculature of two live Japanese eels weighing 225 g (eel1) and 270 g (eel2). Plasma was obtained by centrifugation (3;000 Â g, 15 min), the plasma volume being corrected for the dilution introduced by the anticoagulant and protease inhibitors. VLDL (d < 1:006 g/ml), LDL (1.006 < d < 1.085 g/ml), HDL 2 (1.085 < d < 1.100 g/ml), and HDL 3 (1.100 < d < 1.210 g/ml) in the plasma were obtained by sequential ultracentrifugal flotation.
8) The lipid compositions of plasma lipoproteins were estimated using commercially available enzymatic kits from Wako (Wako Pure Chemical Industries, Osaka, Japan) for triacylglycerol, phospholipids, free, and total cholesterol. The amount of y To whom correspondence should be addressed. Tel: +81-99-286-4201; Fax: +81-99-286-4015; E-mail: ando@fish.kagoshima-u.ac.jp cholesterol ester was calculated from the difference between total and free cholesterol contents. Protein concentration was determined using a Bio-Rad Protein Assay kit with bovine serum albumin as a standard. Plasma lipoproteins delipidated by consecutive extractions with ice-cold acetone-ethanol 2:1 (v/v) and diethyl ether alone were subjected to polyacrylamide gel electrophoresis (PAGE). Sodium dodecylsulfate (SDS)-PAGE of apolipoproteins was performed according to the method of Laemmli 18) employing 15% polyacrylamide gels. Delipidated lipoprotein samples were heated at 95 C for 5 min in SDS sample buffer (1% SDS, 1% 2-mercaptoethanol, 10 mM Tris-HCl (pH 6.8), and 20% glycerol) before loading. Twodimensional gel electrophoresis was performed as described by O'Farrell. 19) Delipidated lipoprotein samples were dissolved in sample buffer containing 8 M urea, 2% Nonidet P-40, 5% 2-mercaptoethanol, and 2% Ampholine (Amersham Biosciences, Piscataway, NJ). Isoelectric focusing in the first dimension was carried out in the pH 4.0 to 6.5 region, and then the gels were subjected to SDS-PAGE as the second dimension. Protein bands on gels were stained with 0.2% Coomassie Brilliant Blue R-250. N-Terminal amino acid sequencing was done by the method of Matsudaira. 20) Apolipoproteins separated on SDS-PAGE were transferred by semi-dry electroblotting to Sequi-Blot polyvinylidene difluoride membrane (BioRad) in 48 mM Tris-39 mM glycine transfer buffer (pH 9.2) containing 20% methanol at 10 V for 75 min. The membrane-blotted apolipoproteins were sequenced with a model 492 protein sequencer (Applied Biosystems Japan, Tokyo).
Total RNA was isolated from the liver of a Japanese eel weighing 240 g (eel3) using TRIzol Reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's protocol. The first strand cDNA for 3 0 rapid ampification of cDNA ends (RACE) was synthesized from 1 mg of total RNA using 200 U of SuperScript II, oligo(dT)-adaptor (10 pmol), and reverse transcriptase buffer (20 ml) of the first strand cDNA synthesis kit (Invitrogen). The synthesis reaction was done at 42 C for 50 min. Using the first strand cDNA as a template, 3 0 RACE was conducted to isolate a partial cDNA of apoA-I. The following oligonucleotide primers were synthesized for PCR reaction: the 18-mer sense degenerate oligonucleotide 5 0 -CTCTCARCTGGARCAYGT-3 0 , corresponding to N-terminal amino acid sequences 7 to 12 of apoA-I, and the 20-mer antisense oligonucleotide 5 0 -GGCCACGCGTCGACTAGTAC-3 0 . Ligationmediated 5 0 RACE was accomplished using a SMART RACE cDNA amplification kit (BD Bioscience Clontech, Palo Alto, CA). A set of the 22-mer sense oligonucleotide 5 0 -CTAATACGACTCACTATAGGG-C-3 0 and the 25-mer antisense oligonucleotide 5 0 -TGA-ACTGGCTGCTGACGGCATCGGT-3 0 , corresponding to cDNA sequences 309 to 333, was adopted for 5 0 RACE of apoA-I. Both the 3 0 and the 5 0 RACE products were subcloned into pGEM-T easy vector (Promega, Madison, WI). The cDNA clones obtained were sequenced by the dideoxy-chain termination method using a BigDye Terminator v3.1 Cycle Sequencing kit and an ABI 3100 DNA sequencer (Applied Biosystems Japan). We have reported that Japanese eels contain high levels of lipids in their muscle and are in plasma hyperlipidemia and hyperlipoproteinemia.
8) The plasma lipoprotein composition was not the same between eel1 and eel2, although both eels had more plasma lipoproteins containing large amounts of lipids such as VLDL and LDL than HDLs. The plasma lipoprotein levels in eel1 and eel2 were as follows: 8.7 vs. 13.8 mg/ ml of plasma (VLDL), 15.0 vs. 8.8 mg/ml of plasma (LDL), 6.5 vs. 3.8 mg/ml of plasma (HDL 2 ), and 12.0 vs. 7.3 mg/ml of plasma (HDL 3 ). The physiological conditions of these two eels might be associated with the plasma lipoprotein profiles. Figure 1 shows the apolipoprotein components of different lipoproteins isolated from eel1 and eel2. The apolipoprotein features in eel1 were comparabe to those reported to date. 8, 21) The HDL 2 and HDL 3 in eel1 consisted of apoA-I (M r 28 kDa) and apo-14 kDa, while the apoB-like protein with M r > 200 kDa was found along with these apolipoproteins in the LDL of eel1. Apo-29 kDa, apo-23 kDa, and apo-10 kDa were detected along with the apoB-like protein in the VLDL of eel1. More noticeable were the apolipoprotein features in the HDLs of eel2, although the apolipoprotein components in the VLDL and LDL of eel2 were comparable to those of eel1. The HDL 3 in eel2 possessed apo-26 kDa instead of apoA-I. This apo-26 kDa was specific for the HDLs of eel2. We first performed apoA-I cloning to elucidate the molecular relation between apo-26 kDa and apoA-I. 
12)
Its cDNA size (1,307 bp) was slightly smaller than ours. The cDNA sequences of the open reading frames from the two cDNAs completely coincided with each other, while some nucleotide substitutions in both the 5 0 and 3 0 -untranslated regions were found between these cDNAs. The Japanese eel mature apoA-I amino acid sequence showed 24%, 41%, 45%, and 46% identities to their human, sea bream Sparus aurata, zebrafish Danio rerio, and Atlantic salmon Salmo salar counterparts respectively. Figure 2 shows the N-terminal 20 amino acid sequences of apo-28 kDa and apo-26 kDa from the HDL 3 , HDL 2 , and LDL along with the amino acid sequence deduced from apoA-I cDNA. The apo-28 kDa from the HDL 2 and HDL 3 of eel1 proved to be apoA-I, since their N-terminal amino acid sequences were completely identical with that of apoA-I. Interestingly, the Nterminal amino acid sequences of apo-26 kDa from the HDL 3 and HDL 2 of eel2 were also identical with that of apoA-I. This strongly suggests that the apo-26 kDa found in eel2 was a truncated form of apoA-I. Apo-28 kDa from the HDL 2 of eel2 showed slightly complicated N-terminal amino acid sequences, and gave two different N-terminal amino acid sequences at every step except the first, third, and fifth. The signal intensity of the minor sequence was nearly one-half that of the main one, but it proved to be exactly the same as apoA-I. The main sequence was not the same as apoA-I, and its Nterminal was identical with 9 amino acids of apoA-I among 20 amino acids. The N-terminal amino acid sequences of apo-28 kDa from the LDL of eel1 and eel2 were completely identical with the main sequence of apo-28 kDa from the HDL 2 of eel2. Thus there appeared to be another apolipoprotein with M r 28 kDa, which differs from apoA-I, in the plasma lipoproteins of the Japanese eel. Kondo et al. 12) have recently found a novel apolipoprotein, apo-28 kDa-1, in the plasma lipoproteins of the Japanese eel. The theoretical isoelectric point of this novel apo-28 kDa-1 was shifted to more acidic than apoA-I, while mature apoA-I and apo-28 kDa-1 consisted of 240 and 237 amino acids respectively. The Nterminal amino acid sequence of the novel apo-28 kDa-1 was completely identical with those of apo-28 kDa from the LDL of eel1 and eel2, and with main sequence of apo-28 kDa from the HDL 2 of eel2. ApoA-I and the novel apo-28 kDa-1 were distributed in the HDLs and LDL of eel1 respectively. The N-terminal amino acid sequence of apoA-I was obtained as a minor sequence of apo-28 kDa from the HDL 2 of eel2, although eel2 appeared to possess truncated apoA-I but not intact apoA-I in the HDL 2 and HDL 3 (Fig. 1) . Two-dimensional gel electrophoresis was applied to investigate whether intact apoA-I was present in the HDL 2 of eel2 (Fig. 3) . The observed isoelectric points of intact apoA-I from the HDL 2 of eel1 and apo-28 kDa from the HDL 2 of eel2 were 5.3 and 4.7 respectively. A very faint spot corresponding to intact apoA-I was observed in the HDL 2 of eel2. Considering the significant signal intensity in the N-terminal amino acid sequencing, not only intact apoA-I but also truncated apoA-I was contaminated as a minor sequence of apo-28 kDa from the HDL 2 of eel2. Thus truncated apoA-I but not intact apoA-I was mainly distributed in the HDLs of eel2. In summary, the present study shows that truncated apoA-I was obtained from the HDLs of eel2. There appear to be at least three possibilities as to the truncated apoA-I formation of eel2. First, posttranslational proteolytic cleavage of intact apoA-I resulted in the formation of the truncated form even though serine protease inhibitors were present throughout the plasma preparation of eel2. ApoA-Is from human [22] [23] [24] and chum salmon Oncorhynchus keta 25) have been reported to be susceptible to limited proteolysis. Venipuncture injection induced limited proteolysis of human HDL with pre-beta-mobility, but not alpha-migrating mobility, to form truncated apoA-I (M r 26 kDa). 26) Second, alternative splicing of the APOA-I gene was associated with truncated apoA-I formation in eel2. ApoA-I-like protein (M r 22.7 kDa) arising from the alternative splice of apoA-I primary transcript has been found in human placental tissue. 27) Finally, eel2 might have possessed both truncated and intact APOA-I genes. Recently we have isolated a cDNA encoding apoA-I-like protein (M r 20 kDa) from the liver of a Japanese eel (unpublished results). The Japanese eel thus appears to possess several APOA-I related genes. To our knowledge, this is the first report of truncated apoA-I in fish plasma. A detailed comparison of mass spectrometric and enzymatic fragment profiles between intact and truncated apoA-Is will serve to elucidate their structural similarity, but unfortunately we lost eel2 as an experimental material through carelessness. Eel2 was the only individual with truncated apoA-I, although we have so far analyzed the plasma apolipoprotein profiles of more than 10 cultured Japanese eels. As pointed out by Kondo et al., 12, 13) apo-28 kDa is also a specific plasma component in fish, including the Japanese eel. In particular, the apo-28 kDacontaining LDL found in the present study has never been detected in mammalian plasma, suggesting distinct lipoprotein metabolism between fish and mammals. The physiological role of truncated apoA-I and apo-28 kDa in the Japanese eel remains to be elucidated. 1, Eel1; 2, eel2; first dimension, 5% isoelectric focusing; second dimension, 15% SDS-PAGE. Apolipoprotein profiles separated by 15% SDS-PAGE alone are also shown on the right. The spots marked with plain and bold circles represent intact apoA-I (1, 2) and apo-28 kDa (2) respectively.
